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Abstract of EP001 881 7 

For measuring drip rate of fluid from the end (A) 
of a tube (T), particularly for medical infusion 
administration sets, a piezoelectric transducer 
arrangement (TD) Is mounted against tlie tube 
(T) and transmits ultrasonic energy into the fluid, 
Signals resulting from reflections of the energy 
from the drops (DR) as they form and leave the 
tube (T) are processed electronically to give a 
drip rate indication. 
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Method and apparatus for measuring drip rate. 

Description of EP0018817 



METHOD AND APPARATUSFOR MEASURING DRIP RATE" 

The invention relates to a method and apparatus for measuring the drip rate of liquidseSwich forms drops 
which drip from a tube. The invention is particularly useful in monitoring the rate of fluid infusion into 
medical patients. 

The majority of administration sets for fluid infusion rely on gravity feed from a container placed high on a 
drip stand with the fluid passing down to a drip chamber, then dowm a plastic tube with a flow control and 
on into the patient. Anurse will normally set the drip rate at an estimate of the ratereqvn red, then count the 
rate against a watch, then readjust closer to the required rate and count again, and repeat this until the 
rate is correct. 

The rate is checked again from time to time, and if the tube has blocked it is cleared to start theflow once 
more. The blockage may have gone unnoticed for an appreciable time. 

The present invention seeks to provide an improved method and apparatus for monitoring drip rate. 

According to one aspect of the invention there is provided a method of measuring drip rate of fluid which 
forms drops which drip fro! a tube, the method consisting in transmitting ultrasonic waves into the fluid in 
the tube, receivingfrown the fluid in the tube ultrasonic waves reflected by the drops as theyform, and 
processing signals transduced from the received waves to give an indication of drip rate. 

According to another aspect of the invention, there is provided a drip-rate monitor for a fluid administration 
set, the monitor comprising an ultrasonic transducer acoustically coupled to a tube having an end 
fromwhich the fluid drips in the form of drops, the transducer being capable of transmitting ultrasonic 
waves through the fluid in the tube and receiving ultrasonic waves reflected from the drops as they form 
and depart; and an electric circuit connected to the transducer for processing signals resulting from the 
received waves and giving an indication of drip rate. 

The transducer is capable of being small and light and easily fitted inposition. It'#\es not obscure the 
nurse's view of the drip chamber, and further allowsth; chamber to be squeezed radiply when, for 
example, blood or blood derivatives have to be pumped rapidly into a patient in an emergency. If misting 
or droplet formation does occur inside the drip chamber, this can affect optical methods of observing 
drops, but has no effect on the proposed system. Moreover the drip rate may be observed by this means 
in many infusion sets without any modification of the sets. 

The transducer described In the accompanying drawings is shown with separate transmission and 
receivingc#rstals. An alternative arrangement is touse a single crystal for both transmission and reception. 

Preferably electronic circuits couple to the transducer for transmitting and receiving ultrasonic waves, 
processing the received signals, and providing pulses whose interval corresponds to the interval between 
drops. These pulses may be used to trigger further circuits to provide for example a digital display of drip 
rate and also alarm signals when the drip rate deviates too far from a predetermined setting. 

The circuits in conjunction with the transducer provide ultrasonic waves whose wavelength is similar in 
magnitude to the dimensions of the drops. An upper limit to wavelength is set by the physical constraint of 
transmission down a tube of fixed diameter. 

The larger wavelengths result in smaller phase changes fromunw-n.ed di##j'rbances, such as vibration 
causing surface movements at the drop surface or in the fluid surface above the tube in the filter chamber. 

The circuits provide intermittent ultrasound pulses. By gating the power to the main currentcarrying 
elements of the circuit, the circuit may be so arranged that the average power absorbed is low. The 
system may be battery operated, and a complete unit may be conveniently clamped to the drip stand with 
a short, light, connection to the transducer. 

The invention will be further described with reference to the accompanying drawings of which 
Figure 1 is a schematic side elevation of a conventional fluid administration set; 
Figure 2 is an enlarged schematic side elevation of one embodiment of the invention showing the 
transducer in position above the drip chamber; 
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Figure 3 is a schematic plan view of Figure 2; and 

Figure 4 is a circuit diagram of apparatus used in conjunction with the arrangement of Figures 1 and 2 for 
transmitting and receiving ultrasonic waves, with signal processing in order to obtain pulses whose interval 
corresponds to the Interval between drops. 

Referring to Figure 1 there is shown a fluid administration set comprising a reservoir bottle B for the 
infusion fluid F. a filter chamberFC which is normally kept full of fluid, through which the fluid passes to 
drip from aperture A in drip chamber D. A float ballFS floats on the surface of the fluid. 

Fluid flow is regulated by manual adjustment of a valveV in the outlet line L to the patient. The filter 
chamberFC is connected to the drip chamber D by means of a tube T. Support flangesFG are also 
present. 

Figure 2 shows the present invention applied. 

There is shown the base of the filter chamberFC, interconnecting tube T and the top of drip chamber 
D, with a transducer TD in position. The flanges (FG of Figure 1 ) are not shown in this view. 

Transducer TD consists of two halves, in one half an ultrasonic crystal TX transmits ultrasonic waves 
through a rubber section RT into tube T. Some of the wave energy travels down to the drop DR and is 
then reflected back up tube T. Some of this wave energy enters the rubber section RR and reaches the 
ultrasonic receiver crystal RX. 

In the transmitting half of the transducer, rubber section RT Is shaped to fit closely against tube T. Crystal 
TX is bonded to a rubber section RT and the space betweenthese and the metal housingMT is filled with 
absorbent rubber AT. Electrical connectionsTL and TE to the crystal are brought out in a screened lead, 
TE being connected to the metal housing. 

Similarly in the receiving half of the transducer, rubber section RR is shaped to fit closely against tube T. 

Crystal RX is bonded to rubber section 

RR and the space between these and the metal housing 

MR is filled with absorbent rubber AR. Electrical connections RL and RE to the crystal areb-ought out in a 
screened lead, RE being connected to the metal housing. 

The two transducer halves are held against tube T by means of a spring clip S. 

Figure 3 shows a schematic plan view of 

Figure 2 with the filter chamber cut away. The flanges FG which may be present are indicated here. 

The transmitter crystal TX isshown in its metal housingMT and similarly the receiver crystal RX is shown in 

its metal housingMR. The spring clip S is indicated, holding the housings MT andtS against tube 

T. 

Referring to Figure 4 as astable multivibrator 1 providedSOh sec positive pulses at intervals of 1 m.sec. 
Thesecate an astable multivibrator 2 which oscillates at the ultrasonic transmitter frequency. An analogue 
switch 3 is switched on for approximatelylOp seconds each time multivibrator 1 genes positive and allows 
the output of multivibrator 2 to drive complementary transistors 4 and 5, which in turn drive the ultrasonic 
transmitter crystal 6. 

Ultrasonic waves impinging on the receiver crystal create small sinusoidal voltages which are amplified by 
a tuned amplifier stage 7. A further stage of amplification 8 occurs before amplification by a wide-band 
operational amplifier 9. Analogue gates 10 and 11 are opened forlO sects by a delayed pulse derived from 
a gated astable multivibrator 12. 

The delay is set so that waves reflected from the drop surface are reaching the receiver crystal during 
thelOused. period. (Reflections from the fluid surface in the filter chamber normally occur at a later period, 
and therefore have noeffect,) Phase sensitive rectification of the output of amplifier 9 occurs during this 
period as an analogue gate 13 is driven via a gate 10 from multivibrator 2. Resistors 14, 15 and capacitors 
16, 17 remove hightrequency components from the signal, so that the signal at 1 8 corresponds to the 
phase shifts that occur as each drop grows and then falls. 

With the chosen ultrasonic transmitter frequency, during the growth of each drop four phase reversals 
occur. Thus two approximately sinudoidal waves occur at point 18 for each drip that is formed, with a fast 
transition as each drop falls.Waveform 19 indicates a typical output at point 18. The choice of transmitter 
frequency is governed by certain physical factors, if a hightrequency is chosen, for example2Mliz or more, 
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awell-defined beam of ultrasound is obtained. However, the wavelength in aqueous fluid is only 0.75mm at 
2MHz and therefore very small changes in the dimensions or position of the drop will cause phase 
reversal. This can occur through vibration or movement of the drip chamber. 

At lower frequencies, i.e. larger wavelengths, phase reversal requires larger linear changes and the output 
is less susceptible to interference. However, ais the frequency is lowered, the wavelength increases to the 
point where it is larger than the diameter of the tubeleadlllg from the transmitter to the drip aperture. 

The proportion of ultrasonic energy reaching the drop and reflecting from it falls rapidly. In the transducer 
described, a frequency of approximately 330 kHz was chosen, as this gave four phase reversals with drips 
from a commonly used drip chamber, where 15 drips are equivalent to 1 ml. Apart from exceptionally 
dimensioned drip equipment, a frequency of operation 200 kHz and 500 kHz will generally be satisfactory. 

A schmitt trigger 20 is used to square up the waveform 19, before feeding it to a divide-by-two counter 21. 
The output is then fed through the circuit 22 so that positive pulses are produced, whose interval 
corresponds to the interval between drips. 

These pulses may then be used to trigger digital circuits, so that drip rate is displayed, forexample by a 
liquid crystal display, and audible and or visual alarm circuits may be provided to indicate when the drip 
rate varies too far from its initial setting; A unit which houses the electronic circuits and display may be 
conveniently attached to the drip stand. 

Since the formation of each drop is relatively slow, a slow repetition rate may be used for the ultrasonic 
pulses. Moreover the circuit may be so arranged that very little current is drawn until the onset of each 

ultrasonic pulse, by gating the power supplies to the operational amplifiers, and by the use of CMOS 
inverters and CMOS analogue gates. By these means it is possible to provide a small battery operated 
unit with low current drain. 

The invention is not restricted to the particular embodiment described in the forego L.g text and diagrams. 
The transducer may be used in any administration set where space is available above the drip chamber to 
make contact with the central tube. Those administration sets designed especially for very small drops 
(e.g. 60 drops per ml.) would require suitably selected ultrasound wavelengths. 
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Method and apparatus for measuring drip rate. 
Claims of EP0018817 



CLAIMS 

1. A method of measuring drip rate of fluid which forms drops which drip from a tube, the method 
consisting in transmitting ultrasonic waves into the fluid in the tube, receiving from the fluid in the tube 
ultrasonic waves reflected by the drops as they form, and processing signals transduced from the received 
waves to give an indication of drip rate. 

2. A drip rate monitor for a fluid administration set, the monitor comprising an ultrasonic transducer 
acoustically coupled to a tube having an end from which the fluid drips in the form of drops, the transducer 
being capable oftranstlrtting ultrasonic waves through the fluid in the tube and receiving ultrasonic 
wavesreflected from the drops as they form and departs and an electric circuit connected to the transducer 
for processing signals resulting from the received waves and giving an indication of drip rate. 

3. A drip rate monitor as claimed in Claim 2 wherein the wavelength of the ultrasonic waves in the fluid is 
substantially the same as the dimensions of the drops which form. 

4. A monitor as claimed In Claim 2wherein the circuit is effective to provide the ultrasonic waves in the 
form ofintermittcnt pulses. 

5. A monitor as claimed in Claim4 wherein the circuit is effective to gate the signals from the transducer so 
that received signals are appliedfro the transducer to the circuit only at a particular period after an 
ultrasonic pulse is transmitted bythe transducer into the fluid, so that spurious echo signals are rejected. 

6. A monitor as claimed in Claim 3 wherein the frequency of the ultrasonic waves is between 200 kHz and 
500 kHz. 

7. h monitor as claimed in Claim 6 wherein the frequency of the ultrasonic waves is substantially 330 kHz. 
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